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31. Current literature highlights
1.1. A diverse methyl sulphone-containing benzo[b]thiophene library
Benzo[b]thiophenes have been widely investigated as they are
commonly found in natural products and are associated with a
wide range of biological and pharmacological functions. This het-
erocyclic group has been incorporated into a number of drug struc-
tures including those active as selective estrogen modulators,
tubulin-binding agents and anti-inﬂammatory agents.
Cyclooxygenase-2 (COX-2) is an enzyme induced as a conse-
quence of inﬂammatory stimuli, and inhibitors are widely used
to treat inﬂammatory disease as well as having potential in the
therapy of cancer, cardiac and cerebral ischemia, Parkinson’s and
Alzheimer’s diseases. The central scaffold of many COX-2 inhibitors
is a 1,2-diaryl substituted hetero- and carbocyclic ring system with
a key sulphonyl functionality on the para-position of one of the aryl
rings. In order to further investigate the class of COX-2 inhibitors, a
library of methyl sulphone-containing benzo[b]thiophene com-
pounds has been prepared.1
The reaction sequence commenced with a Sonogashira cou-
pling of a bromo-iodoarene with an acetylene and subsequent
lithiation and methylthiolation of the product to give the disul-
phide compound 1. The following key cyclisation step was carried
out by electrophilic cyclisation using iodine in methylene chloride
at ambient temperature. Good to excellent yields of the methyl
sulphide-substituted 3-iodobenzo[b]thiophenes were obtained.
The methyl sulphides were converted by oxidation using potas-
sium permanganate supported on manganese dioxide to the
corresponding sulphones (2). Further diversity was incorporated
into the library by a variety of palladium-catalysed reactions
including the Suzuki-Miyaura coupling, Sonogashira coupling,
Heck coupling, carboalkoxylation and aminocarbonylation to give
products 3.doi:10.1016/j.comche.2010.04.001
E-mail: nterrett@ensemblediscovery.comOverall the reaction sequence is tolerant of a range of function-
ality, and the 72 sulphone-substituted benzo[b]thiophenes were
generated in parallel on a 35–50 mg scale. These compounds have
been submitted to the National Institute of Health Molecular
Library Screening Center Network.
1.2. Parallel synthesis of ureas and carbamates
Many drug molecules contain ureas or carbamates usually pre-
pared, in the former case, from the condensation of an amine with
an isocyanate or the coupling of amines with phosgene. However,
the limited number of readily available isocyanates and the toxic-
ity of phosgene make an alternative synthetic approach highly
desirable. A recent paper describes the generation of ureas and
carbamates by the reaction of amines with gaseous carbon
dioxide.2
The parallel synthesis of unsymmetrical disubstituted ureas
was investigated through the reaction of carbon dioxide gas with
primary amines (4) catalysed by DBU. The product carbamates
(5) were dehydrated under Mitsunobu conditions to give the
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give the product ureas (7). Using benzylamine as a model sub-
strate, ureas could be efﬁciently generated from primary and sec-
ondary amines, although reaction with anilines proceeded in
generally lower isolated yields.R1
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7The chemistry was extended to the preparation of carbamates,
wherein the intermediate isocyanate was reacted with an alcohol
instead of a second amine. However this process did not react
though the isocyanate intermediate, but instead, proceeded by an
SN2 displacement of the activated alcohol. This was clearly proven
in the preparation of a carbamate from a chiral secondary alcohol
that proceeded with inversion of the stereocentre.
This approach to ureas and carbamates appears to be highly
general and a suitable alternative to isocyanates or phosgene for
the creation of parallel arrays of compound libraries.
2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
A small molecular library of 40 pyrimidine, pyrazole, and isox-
azole derivatives, bearing structural features for the potential bind-
ing of therapeutically interesting enzymes, has been designed and
prepared. An efﬁcient and straightforward solid-phase synthesis
was carried out on a Rink amide resin with the assistance of micro-
wave heating to reduce the reaction time, increase the reaction
yields, and allow an easy work-up and puriﬁcation of the targeted
compounds.3
A method for the solid-phase chemical synthesis of AMPylated
Ser/Thr containing peptides has been described. Peptides were
phosphonylated using the H-phosphonate method, and then the
adenosine moiety was introduced using 20,30-isopropylidene aden-
osine and the condensing reagent PyBOP. Oxidation with iodine
yielded the desired AMPylated product in good yield following
acidolytic cleavage from the resin support.4
A study on the solid-phase preparation of N-alkylglycines (pep-
toids) that contain tertiary amino residues on the N-alkyl side
chains has been reported. The appropriate combination of the sub-
monomer strategy with N-alkylglycine monomer couplings,
depending upon the structure of the N-alkyl side chain that must
be incorporated into the peptoid, is critical for the efﬁciency of
the synthesis. This strategy was applied to the preparation of SICHI,
an N-alkylglycine trimer containing tertiary amino residues in thethree N-alkyl branches, and that has been identiﬁed as a potent
Semaphorin 3A inhibitor.5
The solid-phase synthesis of methyl 2-deoxy-3-O-benzyl-D,L-
arabino-hexopyranoside has been achieved in a six-step sequence
via a de novo strategy based on the hetero-Diels–Alder reaction
of a vinyl ether supported on an azalactone-functionalized polysty-
rene resin. This was followed by the functional modiﬁcation of the
heteroadduct and the ﬁnal release of the methyl glycoside by acidic
solvolysis.6
2.2. Solution-phase synthesis
In the course of a research program focused on the preparation
of libraries of new chemical entities derived from 3-alkoxypyraz-
oles, N-pyridylation using 2,3 or 4-bromopyridines has been ex-
plored. This reaction was achieved using Cristau and Taillefer
copper-catalysed arylation method and mostly led to the 3-alk-
oxy-1H-pyrazol-1-yl pyridine isomer along with lesser amount of
the alternative 5-alkoxy-1H-pyrazol-1-yl pyridine.7
2.3. Scaffolds and synthons for combinatorial libraries
Natural products often contain unusual scaffold structures that
may be elaborated by combinatorial methods to develop new
drug-like molecules. Visual inspection of more than 128 natural
products with some type of anti-diabetic activity suggested that
a subset might provide novel scaffolds for designing potent inhib-
itors against fructose 1,6-bisphosphatase (FBPase), an enzyme crit-
ical in the control of gluconeogenesis. Using the achyrofuran
scaffold, inhibitors against FBPase have been developed.8
2.4. Solid-phase supported reagents
No papers this month.
2.5. Novel resins, linkers and techniques
A simple, convenient, six-step synthesis of novel, tricyclic pyr-
azinebenzodiazepinedione derivatives has been described. The
strategy was based on the use of the orthogonally-protected, opti-
cally pure, (S)-piperazine-2-carboxylic acid, in a Petasis reaction,
followed by coupling with anthranilic acid and ﬁnally a cyclising
cleavage. This traceless, solid-supported approach allows the prep-
aration of a wide variety of compounds in moderate yields and was
applied to the synthesis of novel bicyclic pyrazinediazepinedione
derivatives.9
2.6. Library applications
In an attempt to discover new potent histone deacetylase
(HDAC) inhibitors as promising anticancer candidates, a small col-
lection of 3-substituted amines possessing macro heterocyclic
skeletons bearing variable-length tails has been designed and syn-
thesised. As a metal binder domain, all the compounds possess an
amide function suitable for Zn2+ chelation in the enzyme active
site. A combination of solution and solid-phase techniques were
employed to synthesise the compounds and, as the key synthetic
step to obtain the rings, a ring closing metathesis (RCM) reaction
was adopted.10
A small library combining two different benzoquinone cores
with seven amino acid methyl esters (alanine, Nx-nitro-arginine,
Ne-BOC-lysine, isoleucine, methionine, phenylalanine and trypto-
phan) has been prepared and tested for prion replication inhibition
in ScGT1 cells. The most potent hit displayed an EC50 value of
0.87 lM, a value which is very close to that of quinacrine
(0.4 lM).11
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pan Gq mAChR M1, M3, M5 positive allosteric modulator (PAM) has
been described with the goal of developing a selective M1 PAM. An
iterative library synthesis approach delivered a potent (M1
EC50 = 830 nM) and highly selectiveM1 PAM (>30 lM vsM2–M5).12
Several tetrahydroimidazopyrimidines have been prepared
using silver-assisted cyclisation as the key step. The binding afﬁn-
ities of compounds prepared in this way were evaluated in vitro
against hCRF1R. An initial lead compound (Ki = 32 nM) demon-
strated modest putative anxiolytic effects in the mouse canopy
test. Further optimisation using parallel synthesis provided com-
pounds with Ki values < 50 nM.13
Two different series of oligonucleotide–peptide conjugates have
been efﬁciently synthesised by stepwise solid-phase synthesis.
First, oligonucleotides and oligonucleotide phosphorothioates
containing polar groups at the 30-termini, such as amine and guan-
idinium groups were prepared. Oligodeoxynucleotide (ODN) con-
jugates carrying several lysine residues were obtained directly
from Fmoc deprotection whereas ODN conjugates with guanidi-
nium groups were obtained by post-synthetic guanidinylation.
Oligonucleotide–phosphorothioate conjugates were evaluated as
potential antisense oligonucleotides in the inhibition of the lucifer-
ase gene.14
The synthesis and biological evaluation of two novel series of
natural-product-like hybrids based on the chalcone, thiolactone
and isatin scaffolds has been described. Results for a 36-member
b-amino alcohol triazole library showed that the thiolactone–chal-
cones, with IC50 values ranging from 0.68 to 6.08 lM, were more
active against W2 strain Plasmodium falciparum than the isatin–
chalcones with IC50s of 14.9 lM or less.15
The synthesis and SAR, developed through an iterative analogue
library approach, of a novel series of selective M1 mAChR antago-
nists, based on an N-(4-(4-alkylpiperazin-1-yl)phenyl)benzamide
scaffold for the potential treatment of Parkinson’s disease, dystonia
and other movement disorders has been described. Compounds in
this series possess M1 antagonist IC50s in the 350 nM to > 10 lM
rangewith varying degrees of functional selectivity versusM2–M5.16
Cancer cells commonly show increased levels of glucose uptake
and dependence, and thus a potential strategy for the treatment of
cancer may be the inhibition of basal glucose transport. The syn-
thesis of a small library of polyphenolic esters that inhibit basal
glucose transport in H1299 lung and other cancer cells has been
described. These basal glucose transport inhibitors also inhibit can-
cer cell growth in H1299 cells, and these two activities appear to be
correlated.17
A combinatorial library of b-chlorovinyl chalcones have been
synthesised by the Claisen–Schmidt condensation reaction.
Catalytic reaction of substituted 3-chloro-3-phenyl-propenal and
1-(2,4-dimethoxy-phenyl)-ethanone or 1-(4-methoxy-phenyl)-
ethanone in alkaline conditions furnished the target compound 5-
chloro-1-(2,4-dimethoxy-phenyl)-5-phenyl-penta-2,4-dien-1-one.
These compoundswere screened for their biological activity in anti-
cancer, anti-inﬂammatory and antimicrobial screens.18
Dysregulated antigen receptor-mediated NF-jB activation can
contribute to development of autoimmunity, chronic inﬂamma-
tion, and malignancy. A chemical biology screening strategy has
identiﬁed a substituted benzimidazole that selectively inhibits
antigen receptor-mediated NF-jB activation without blocking
other NF-jB activation pathways. A library of analogues has been
synthesised and the structure–activity relationship and metabolic
stability for the series has been presented.19
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